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Sea-level driven land conversion and the
formation of ghost forests

Matthew L. Kirwan©@"™ and Keryn B. Gedan?

Ghost forests created by the submergence of low-lying land are one of the most striking indicators of climate change along
the Atlantic coast of North America. Although dead trees at the margin of estuaries were described as early as 1910, recent
research has led to new recognition that the submergence of terrestrial land is geographically widespread, ecologically and
economically important, and globally relevant to the survival of coastal wetlands in the face of rapid sea level rise. This emerg-
ing understanding has in turn generated widespread interest in the physical and ecological mechanisms influencing the extent
and pace of upland to wetland conversion. Choices between defending the coast from sea level rise and facilitating ecosystem
transgression will play a fundamental role in determining the fate and function of low-lying coastal land.



™ Introduction

Fig. 1| Geographic distribution of sea-level driven land conversion in North America. a, Red spruce ghost forest and buried stumps, New Brunswick,
Canada. b, Atlantic white cedar ghost forest in New Jersey (indicated by dashed line). ¢, Salt damaged agricultural field in Virginia, where white and grey
areas indicate bare ground, and yellow-red colours represent stressed crops. d, Palm tree ghost forest in Florida. Credit: David Johnson (a),

<enneth W. Able (b), USDA Farm Service Agency (¢) and Amy Langston, Virginia Institute of Marine Science (d)

Kirwan and Gedan, Nature Geoscience, 2019
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Fig. 3 | Stages of ghost forest creation. a-c, Photos show forest-to-marsh conversion in the Chesapeake Bay region (MD, USA) characterized by (a) death
of tree saplings, (b) opening of canopy and invasion of Phragmites and shrubs, and (c) adult tree death and conversion to marsh, indicated by stumps in
foreground and ghost forest in background. Image in ¢ courtesy of Lennert Schepers, UAntwerpen.

Kirwan and Gedan, Nature Geoscience, 2019
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A Studythe coastal forest variations by
analyzing satellite datasateupled
with hydrological models

A Results came used irmssessment
and resource management decisions NS
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LandSat/

Launch Date: April 15, 1999
Sensors:Enhanced Thematic Mapper P(&ESTM+)
Altitude: 705 km

Orbit: polar, suasynchronous

Equatorial Crossing Time: nominally 10 AM

(x 15 min.) local time (descending node)
Repeat Coveragel6 days

Swath: 183km

Source: NASA
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LandSat/ NDVI Data

NIR- R
NIR+R

NDVI =

whereNIR Is the reflectance in the=ar
InfraredbandandR is the reflectance In
theredband

20- 0. 4 - 0.
(0.50- 0.08) 072 (0.4 - 0.30)

= 0. =014
(0.50 + 0.08) (0.4 + 0.30)

Source: Rouse, et al, 1974
& NASA
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LandSat/ NDVI Data

Duration: 199907-21 to 201412-21
Time Interval: 16 days
Spatial Range NC coastal wetland
Spatial Resolution 30m

: 0.80392

ct 1999
Source: NASA
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Missing Data

NDVI
pem High 1 0.84314

NDVI
e High 1 0.84706

-Low:O

-Low:O
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